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ABSTRACT: Cetyltrimethylammonium bromide (CTAB) – modified and unmodified magnesium exchanged 
bentonite were used for the competitive adsorption of m-xylene and toluene from their aqueous solution. Infrared 
spectroscopy (IR, adsorption capacity and Foster swelling measurements were performed using Fourier Transform 
Infrared Spectrophotometer to evaluate the performance of the adsorbents. The FT-IR results indicated that the 
quaternary ammonium salts (Cetyltrimethylammonium bromide) were intercalated between the layers of the bentonite 
clay. The Foster swelling test results indicated that the affinity of CTAB occurred in the treated clay as tested in all 
organic solvents (diesel, kerosene, gasoline, toluene and m-xylene), with and without agitation. The result showed that 
modified magnesium bentonite swelled more than the unmodified and the order of the swelling factor is; m- xylene > 
toluene > gasoline > diesel > DPK > water. However, when the assay was performed under agitation, it yielded higher 
swelling capacity and all the organic solvents used in this investigation showed good compatibility after 
organophilization. The modified clay exhibited very high capacity of adsorption compared to unmodified samples. The 
m-xylene and toluene uptake follows a pseudo second order kinetics mechanism, suggesting that the rate determining 
step of adsorption involves the two adsorbates competitively adsorbed on the adsorbent sites. Modified magnesium 
bentonite has a higher percentage removal and higher adsorption capacity than raw or unmodified magnesium bentonite. 
These adsorbents (modified magnesium bentonite) are therefore recommended for use by water treatment and 
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The discovery of bentonite has led to its usage and 
application in several areas such as petroleum 
industries, water industries, pharmaceutical 
companies, agriculture, foundry, medicine, paint 
industries and some others (Hosterman and Patterson, 
1992). Bentonite is a clay mineral which is formed as 
a result of chemical alteration of the volcanic ash. It 
is also formed during the process of divitrification. 
Divitrification is a process whereby a crystalline 
compound or structure, grows on the surface of a 
glass. The primary and the rudiment components of 
bentonite are montmorillonite and a small amount of 
beidellite (Arthur and Robert, 2010). The amount of 
montmorillonite present will determine the properties 
of the bentonite. One important application of 
bentonite is its utilization in the water treatment for 
heavy metal removal and also for petrochemical 
removal from industrial effluents (Jorge et al., 2012). 
Bentonite is a hydrophilic compound and must be 
modified using a suitable modifying agent such as 
quaternary ammonium compound (QAC), in order to 
enhance its organophilic properties (Clarence and 
Earl, 1926). Modification refers to the process of 
changing or altering the surface of a material or the 
surface of any substance by using physical, chemical 
or biological means so as to improve and enhance the 
original properties of the material or substance such 
as its surface area, it’s adsorptive properties, it’s 
pores and some other features, and by so doing 
making it fit for its anticipated purpose (Okoye et al., 
2012). Petrochemical waste water do contain some 
pollutant such as phenol, heavy metals, benzene, 
toluene, ethylbenzene and xylene (BTEX) which 
must be removed using a suitable adsorbent before 
the water will be discharged in the water bodies. 
Bentonite is always preferred because of it low cost, 
its availability and its high adsorption capacity 
(Koyuncu et al., 2011). Natural bentonite exist in two  
forms which are calcium bentonite and sodium 
bentonite but other forms of bentonite such as 
magnesium bentonite, potassium bentonite, iron 
bentonite and aluminium bentonite could be 
synthesized from the natural forms of bentonite 
through ion exchange method or mechanism 
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(Komlosi et al., 2007; Obi and Okoye, 2015). Studies 
have shown that modified bentonite is very effective 
in the removal of hydrocarbon and petrochemicals 
from waste water and aqueous solution than 
unmodified bentonite (Obi and Apemiye, 2017).   
The objective of this study is to determine the 
efficiency and the effectiveness of CTAB modified 
magnesium bentonite in the removal of m-xylene and 
toluene from aqueous solution. The effect of contact 
time, adsorbent and initial concentrations were 
evaluated. 
 
MATERIALS AND METHODS   
The sodium bentonite used for this study was 
obtained from Mansid Nigeria Limited, Portharcourt 
Rivers State, Nigeria. Magnesium chloride, 
cetyltrimethylammonium bromide, m- xylene and 
toluene were obtained from Sigma-Aldrich 
Company, Switzerland at >98% purity, and were 
used as received without any purification. The 
petroleum product solvents were obtained from 
NNPC, Portharcourt, Rivers State, Nigeria.  
 
Preparation of Magnesium Bentonite: Magnesium 
bentonite was prepared by Ion exchange method 
adopted by Thakre et al., 2010. A measured amount 
of 10g of sodium bentonite was soaked in 200 ml of 
water for 24 hours (overnight). Thereafter, 200ml of 
the 1M solution of magnesium chloride was added to 
the bentonite- water mixture. The mixture was stirred 
and refluxed at 75
o
C for a duration of 2 hours. 
Thereafter, it was filtered and was washed severally 
for the removal of excess chlorine present in the 
magnesium exchanged bentonite. The modification 
of the adsorbent was carried out following the 
method outlined by Bedin et al., 2013). The FT- IR 
analysis was carried out using Fourier transformed 
infrared spectrometer (model number IR AFFINITY 




The Foster swelling test was carried out following the 
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FSB and FSA are the swelling factor before and after 
agitation respectively, VB and VA are the volume of 
the adsorbent before and after agitation respectively, 
While VI is the initial volume of the adsorbent in the 
glass tube before solvent addition. This analysis was 
carried out in accordance with the method by 
Bandura et al., 2017.  
The percentage removal (% R) and the adsorption 









  x V…………………. (4) 
 
Where qe = adsorption capacity, , %R = percentage 
removal, m = mass of the adsorbent, V = volume of 
the adsorbate, Co and Ce are the initial and final 
concentration of the adsorbate respectively 
(Nourmoradi et al., 2012; Senturk et al., 2009). 
 
RESULTS AND DISCUSSION 
Adsorbent Characterization: The adsorbents 
employed in this research were characterized for 
some important physicochemical parameters in the 
adsorption process.  
 
FT- IR Analysis: The FT- IR spectral result of CTAB 
modified bentonite and natural bentonite is shown in 
figure 1.  At 3400 – 3642cm
-1
, a broad band was 
observed, which shows the presence of O-H vibration 
of the water adsorbed silica surface (Sari et al., 
2007). Another adsorption band appeared at 1640 cm
-
1
 which shows the presence of H-O-H bending 





 is related to the stretch vibration of 
Si-O-Si groups. With respect to the modified 
bentonite, the two peaks that appeared at 2985.64 – 
2860.02 cm
-1
 shows the presence of -CH3 and –CH2 
stretching vibration respectively. A H-O-H 





(Eren, 2008). The presence of 
Cetyltrimethylammonium bromide in the modified 
magnesium bentonite is proved by the existence of 
methyl group and the methylene group strictly in the 
modified magnesium bentonite.  
 
 
Fig 1: FT- IR spectral of (red) unmodified and (blue) CTAB 
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Fig 2: The swelling factor of unmodified magnesium bentonite in 
petrochemical solvent and water 
 
 
Fig 3: The swelling factor of modified magnesium bentonite in 
petrochemical solvent and water 
 
 
Fig. 4: The swelling factor of modified magnesium bentonite in 
petroleum product and water 
 
Figure 2 to 5 shows the swelling factors of modified 
and unmodified magnesium bentonite. Modified 
magnesium bentonite obviously swelled to a volume 
higher than its original volume. The swelling factor 
increased as the CTAB concentration increased. 
 
Fig 5: The swelling factor of unmodified magnesium bentonite in 
petroleum product and water 
 
Modified magnesium bentonite swelled higher in 
petrochemical / hydrocarbon solvent (m- xylene and 
toluene) than in petroleum product solvents (diesel, 
DPK and gasoline) but completely failed to swell in 
water. Unmodified magnesium bentonite swelled in 
water but swelled neither in petrochemical / 
hydrocarbon solvents nor in petroleum product 
solvents. The swelling of clays in water occurs 
because of the capacity of the external and internal 
surfaces of the clay mineral layers to be hydrated. 
During the test, unmodified magnesium bentonite 
showed no swelling in any of the organic solvents 
investigated, as expected, the absence of swelling is 
due to the organophobic character of Mg- bentonite 
that does not permit interaction with the organic 
solvent. For the organophilic bentonite in contact 
with the organic solvents, the swelling occurred due 
to the diffusion of the molecules of the solvent 
between the clay mineral layers. This process is 
favored by the balance between the nature of the 
hydrocarbon solvents - compounds of low polarity, 
and the alkyl chains of the CTAB modifier that 
decrease the polarity of the clays (Paiva and Morales, 
2012).  
 
Figure 6 and 7 showed the adsorption capacity 
measurement of magnesium bentonite using organic 
solvents and water. The Modified bentonite adsorbed 
more of organic solvent than water whereas 
unmodified magnesium bentonite adsorbed more 
water than the organic solvent. The result of the 
adsorption capacity measurement in static condition 
is given as; m- xylene > toluene > gasoline > diesel > 
DPK > water. Unmodified magnesium bentonite 
adsorbed water due to the isomorphic substitution of 
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results to excessive electrons on the bentonite 
surface.   
 
Fig 6: Effect of CTAB concentration on the adsorption capacity of 
magnesium bentonite using hydrocarbon and water 
 
 
Fig 7: Effect of CTAB concentration on the adsorption capacity of 
magnesium bentonite using petroleum products and water  
The amount of toluene removed from the solution is 
less than the amount of m– xylene removed as shown 
in table 1 and 2. This is as a result of the difference in 
the molecular weights of the adsorbates, m- xylene is 
heavier than toluene, and hence the lighter and more 
water soluble toluene exhibited an immense 
inclination to remain in the solution during the 
adsorption process (Sari et al., 2007).  
 
The result presented in table 2 shows that the value of 
the adsorption capacity, qe increased for the CTAB - 
modified magnesium bentonite. The intercalation of 
cetyltrimethylammonium bromide (CTAB) between 
the layers of the bentonite increased the adsorption 
power, the basal spacing and the organophilicity of 
the bentonite, thereby increasing its affinity and 
interaction with organic compounds (m-xylene and 
toluene).  
 
The values of the rate constant (K2) and correlation 
factor (R
2
) are given in table 2. Linear plots were 
obtained with high correlation coefficients (R
2
), 
which are far closer to unity compared to pseudo first 
order, suggesting that the interaction between the 
adsorbent and the two adsorbates follow second order 
mechanism. This observation clearly demonstrates 
that both m-xylene and toluene competitively 
adsorbed on the surface of the bentonite, and the rate 
determining step is bimolecular involving the two 
adsorbates. The result equally showed that above 120 
mins, the plots begin to deviate a little from linearity 
(Aamir et al., 2017).  
 
Table 1: Parameters obtained from Langmuir and Freundlich adsorption isotherm models 
    M- Xylene Toluene 
Adsorption 
Isotherm Model 
 MMB UMB MMB UMB 
 Co (mg/L) 300 300 300 300 
Langmuir qm 17.47 9.1 16.65 7.63 
KL 0.012 0.004 0.012 0.005 
RL 0.217 0.455 0.217 0.4 
R2 0.9357 0.9714 0.9414 0.9677 
Freundlich KF 0.547 0.161 0.48 0.117 
I/n 0.6333 0.6193 0.6484 0.6695 
R2 0.9957 0.9757 0.9953 0.9853 
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Table 2: Parameters obtained from Pseudo first and Pseudo second order adsorption Kinetics models 
    M- Xylene Toluene 
kinetics model  MMB UMB MMB UMB 
 Co (mg/L) 300 300 300 300 
Lgergren Pseudo- 
First Order 
qe(mg/g) 11.69 9.76 11.44 9.26 
K1 0.0217 0.0189 0.0767 0.0194 
R2 0.958 0.9374 0.9585 0.91 
Pseudo- Second-  
Order 
qe(mg/g) 11.69 9.76 11.44 9.26 
K2 0.0033 0.00025 0.0027 0.00017 
R2 0.9938 0.9884 0.9889 0.9494 
MMB = Modified Magnesium Bentonite, UMB = Unmodified Magnesium Bentonite. 
 
Conclusion: The competitive adsorption of m- xylene 
and toluene was successfully carried out using 
unmodified and CTAB modified magnesium 
exchanged bentonite. Modified magnesium bentonite 
has a higher percentage removal and higher 
adsorption capacity than raw or unmodified 
magnesium bentonite. m-xylene was removed from 
the solution more than toluene. CTAB modified 
magnesium bentonite has proven to be an effective 
adsorbent for removal of both m- xylene and toluene 
from their aqueous solution. Hence water treatment 
industries and petrochemical industries should utilize 
this adsorbent for removal of hydrocarbon (m- xylene 
and toluene) from their waste water and effluents.  
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